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5F052 AA02 BA02 BA07 BA11 BA13 
BA15 BB01 BB02 BB06 BB07 
CA00 CA05 DA01 FA04 

(54) [Title of the Invention] SURFACE PROCESSING APPARATUS AND SURFACE 
PROCESSING METHOD 
(57) [Abstract] 

[Object] To provide a surface processing apparatus and a surface processing method 
which can conduct a process, which is comparatively even, on a substrate with a large 
area with simple processing steps, without heavy damage on the substrate. 

[Means for Solution] A pulsed laser light LB1 from a beam shaping optical system 34 is 
moved from one side to the other side on the surface side of an object WO to be 
processed, as a linear beam form which extends in Y direction, so that step scanning of 
the entire surface of the object WO to be processed is conducted. Similarly, since a 
pulsed laser light LB2 from a beam shaping optical system 44 is also moved on the back 
surface side of the object WO to be processed, as a linear beam form, step scanning of 
the entire back surface of the object WO to be processed is conducted. Before major 
heating by a first laser light LB1, a metal film FL with a high melting point can be 
heated from the back surface thereof in advance by a second laser light LB2. 
Therefore, even if the energy of the first laser light LB1 is not so high, a predetermined 
region of the metal film FL with a high melting point can be adequately melted. 

[Scope of Claims] 

[Claim 1] A surface processing apparatus comprising: 

a first laser supply means which supplies laser light on a film surface of a film 
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formed on a substrate in order to heat the film; 

a second laser supply means which supplies laser light on a back surface of the 
substrate in order to supplementarily heat the film in heating by the first laser supply 
means; and 

a scanning means which moves the substrate relatively to the laser light from 
the first laser supply means and the second laser supply means, 

wherein the laser light supplied from the first laser supply means is set to have 
a wavelength which is absorbed in the film, and 

wherein the laser light supplied from the second laser supply means is set to 
have a wavelength which penetrates through the substrate. 

[Claim 2] The surface processing apparatus according to claim 1, wherein the laser light 
from the second laser supply means enters on a second region, which includes a first 
region corresponding to a range where the laser light from the first laser supply means 
enters, of the substrate from a back surface side. 

[Claim 3] The surface processing apparatus according to any one of claims 1 and 2, 
wherein the first and second laser supply means each includes a beam shaping device 
which projects a beam of the laser light on the substrate, and wherein the scanning 
means includes a moving stage for moving the substrate. 

[Claim 4] The surface processing apparatus according to any one of claims 1 to 3, 
further comprising a timing controlling means which controls a timing of operating the 
first laser supply means and a timing of operating the second laser supply means. 
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[Claim 5] A surface processing method comprising the steps of: 

supplying first laser light on a film surface of a film formed on a substrate to 
heat the film; 

supplying second laser light on a back surface side of the substrate in the 
heating of the film to supplementarily heat the film; and 

moving the substrate relatively to the first and second laser light, 
wherein the first laser light is set to have a wavelength which is absorbed in the 
film, and 

wherein the second laser light is se to have a wavelength which penetrates 
through the substrate. 

[Claim 6] The surface processing method according to claim 5, wherein the second laser 
light enters on a second region, which includes a first region corresponding to a range 
where the first laser light enters, of the substrate from the back surface side. 

[Claim 7] The surface processing method according to any one of claims 5 and 6, 
wherein the first laser light and the second laser light are projected on the film surface 
through a beam shaping device, and the substrate is moved by a moving stage. 

[Claim 8] The surface processing method according to any one of claims 5 to 7, wherein 
a timing of irradiation of the first laser light and a timing of irradiation of the second 
laser light are the same or have a predetermined time difference. 

[Detailed Description of the Invention] 
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[ 0001 ] 

[Technical Field to which the Invention Pertains] 

This invention relates to a surface processing apparatus and a surface 
processing method which perform a surface processing such as annealing on a substrate 
on which a film is formed, by using laser light. 

[ 0002 ] 

[Prior Art] 

As a method for forming an ohmic contact, for example, a conventional 
method has been known in which metal with a high melting point, such as Ni, is formed 
over a semiconductor substrate such as silicon, and then the metal with a high melting 
point on a surface is dispersed and alloyed by performing lamp annealing while the 
substrate on which the metal with a high melting point is formed is heated to an 
appropriate temperature, so that the metal with a high melting point is processed into an 
ohmic contact. 

[0003] 

On the other hand, as a method for forming a semiconductor layer on an 
insulating substrate formed using glass or the like, a method has been known in which a 
semiconductor formation material such as amorphous Si or the like is formed on an 
insulating substrate in advance and the semiconductor formation material is crystallized 
by laser annealing using a laser beam such as an excimer laser to form a semiconductor 
layer formed using Si polycrystals or the like. In the case where a large crystal is 
desired to be grown by such laser annealing, an insulating substrate is entirely heated in 
consideration that adequate beam power cannot be obtained from the excimer laser or 


the like. 



English Translation of JP 2002-217125 


[0004] 

[Problem to be Solved by the Invention] 

However, in the former lamp annealing, processing steps are complicated 
because a step in which NiSi is formed at a first stage and NiS^ is formed at a second 
stage is employed. In addition, in the lamp annealing, since a whole substrate is 
heated to considerably high temperature, thermal damage on the substrate is inevitable. 
Moreover, it is difficult for lamp annealing to evenly conduct thermal processing on a 
substrate with, a large area. Further, since the lamp annealing cannot adequately 
control the depth of an ohmic contact, it is difficult to form the ohmic contact only in a 
shallow region on a surface. 

[0005] 

Further, in the latter laser annealing, since the insulating substrate is entirely 
heated, the semiconductor formation material such as amorphous Si cannot be locally 
heated or cooled, which means accurate control and management in a thermal 
processing step are difficult. In addition, since the insulating substrate needs to be kept 
at accurately high temperature in a vacuum, a stage is large and throughput is decreased. 
Further, since the insulating substrate needs to be heated, a low temperature process is 
intrinsically impossible. 

[0006] 

Then, in this invention, an object is to provide a surface processing apparatus 
and a surface processing method including simple processing steps by which only a 
region close to the surface of a large substrate can be processed with small thermal 
damage on the substrate in a controlled thermal step. 

[0007] (claim 1) 
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[Means for Solving the Problem] 

In order to solve the above-described problems, a surface processing apparatus 
of this invention includes a first laser supply means which supplies laser light on a film 
surface of a film, which is formed on a substrate, in order to heat the film, a second laser 
supply means which supplies laser light on the back surface of the substrate in order to 
supplementarily heat the film in heating by the first laser supply means, and a scanning 
means which moves the substrate relatively to the laser light from the first laser supply 
means and the second laser supply means. The laser light supplied from the first laser 
supply means is set to have a wavelength which is absorbed in the film, and the laser 
light supplied from the second laser supply means is set to have a wavelength which 
penetrates through the substrate. 

[0008] 

Since the laser light supplied from the second laser supply means 
supplementarily heats a film, the laser light is set to have a wavelength which is 
absorbed in the film at some level. That is, in general, the wavelength of the laser light 
supplied from the first laser supply means is shorter than that of the laser light supplied 
from the second laser supply means. 

[0009] 

In the above-described apparatus, since the back surface side of the substrate is 
supplied with laser light from the second laser supply means to supplementarily heat the 
film in heating by the first laser supply means, the laser light from the first laser supply 
means is set to have a wavelength which is absorbed in the film of the substrate, and the 
second laser supply means is set to have a wavelength which penetrates through the 
substrate, the film can be heated from the surface side by the first laser supply means 
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and the film can be heated from the back surface side by the second laser supply means. 
That is, the collaboration of the first and second laser supply means can perform thermal 
processing such as annealing by adequately heating only a region of the film where 
heating is desired so as not to damage the substrate. In other words, accurate and 
adequate temperature control in thermal processing such as annealing is possible and a 
low temperature process is intrinsically possible. In that case, since the film is heated 
mainly by laser light from the first laser supply means, a heating state in depth direction 
of the film can be accurately controlled. Further, since the scanning means moves the 
substrate relatively to the laser light from the first and second laser supply means, 
thermal processing can be evenly performed on an entire substrate with a comparatively 
large area. 

[ 0010 ] 

Note that, for example, in the case where a film formed using a metal material 
such as Ni is formed on a substrate formed using a semiconductor material such as Si, 
an ohmic contact layer formed of a compound (e.g., silicide) of the metal material layer 
and the semiconductor material can be formed under the film of the metal material layer. 
Then, a shallow junction can also be formed on a single crystal Si wafer on which ion 
doping is performed. In addition, in the case where a film formed using a 
semiconductor material such as amorphous Si is formed on a substrate which is formed 
using an insulating material such as glass, crystallization of the semiconductor material 
is promoted and a polycrystalline semiconductor layer or the like with favorable 
characteristics can be obtained. 

[0011] 

According to a specific embodiment of the above-described apparatus, the laser 
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light from the second laser supply means enters on a second region, which includes a 
first region corresponding to a range where the laser light from the first laser supply 
means enters, of the substrate from a back surface side. In that case, efficient thermal 
processing is possible. Here, the range of the second region is preferably set in 
consideration of variations of the first region, that is, changes in a position where the 
laser light from the first laser supply means enters on the substrate. Accordingly, 
efficient and stable thermal processing which is in consideration of variations in the first 
laser supply means can be possible. 

[0012] (claim 3) 

According to another specific embodiment of the above-described apparatus, 
the first and second laser supply means each includes a beam shaping device which 
projects a beam of the laser light on the substrate, and the scanning means includes a 
moving stage for moving the substrate. In that case, desired thermal processing on the 
entire film on the substrate can be possible with scanning by a linear beam or a 
rectangular beam shaped by the beam shaping device. 

[0013] (claim 4) 

According to another specific embodiment of the above-described apparatus, a 
timing controlling means for controlling a timing of operating the first laser supply 
means and a timing of operating the second laser supply means are included. By 
matching operation timings of the first and second laser supply means with the timing 
control means, for example, the peak value of power supplied for thermal processing of 
the film or the like can be maximized. In addition, by making operation timings of the 
first and second laser supply means have a predetermined time difference (that is, a 
predetermined delay time in a pair of laser light emitted from both of the laser supply 
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means), power to be supplied for thermal processing of the film or the like can be 
controlled with time at some level, so that thermal history of the film or the like can be 
adjusted. 

[0014] (claim 5) 

Further, a surface processing method of this invention includes the steps of 
supplying first laser light on a film surface of a film formed on a substrate to heat the 
film, supplying second laser light on the back surface side of the substrate in the heating 
of the film to supplementary heat the film, and moving the substrate relatively to the 
first and second laser light. The first laser light is set to have a wavelength which is 
absorbed in the film, and the second laser light is set to have a wavelength which 
penetrates through the substrate. 

[0015] 

In the above-described method, since the back surface side of the substrate is 
supplied with the second laser light for supplemental heating of the film in heating by 
the first laser light, the first laser light is set to have a wavelength which is absorbed in 
the film of the substrate, and the second laser light is set to have a wavelength which 
penetrates through the substrate, the collaboration of the first and second laser light can 
perform thermal processing such as annealing by adequately heating only a region of 
the film where desired so as not to damage the substrate. At that time, since the 
substrate is heated mainly by first laser light with a short wavelength, for example, a 
heating state in depth direction of the film can be accurately controlled. Further, since 
the substrate is moved relatively to the first laser light the second laser light, thermal 
processing can be evenly performed on an entire substrate with a comparatively large 
area. 
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[0016] (ooii)ttr^ 

According to a specific embodiment of the above-described method, the second 
laser light enters on a second region, which includes a first region corresponding to a 
range where the first laser light enters, of the substrate from a back surface side. In 
that case, efficient thermal processing is possible. 

[0017] (0012)?^ 

According to another specific embodiment of the above-described method, the 
first and second laser lights are projected on the film surface through the beam shaping 
device and the substrate is moved by the moving stage. In that case, desired thermal 
processing on the entire film on the substrate can be possible with scanning by a linear 
beam or a rectangular beam shaped by the beam shaping device. 

[0018] (0013) 

According to another specific embodiment of the above-described method, 
timings of irradiation of the first laser light and the second laser light are made to be the 
same or to have a predetermined time difference. In that case, for example, by making 
timings of irradiation of the first laser light and the second laser light the same, the peak 
value of power supplied for thermal processing of the film or the like can be maximized. 
In addition, by making timings of irradiation of the first laser light and the second laser 
light have a predetermined time difference, power to be supplied for thermal processing 
of the film or the like can be controlled with time at some level, so that thermal history 
of the film or the like can be adjusted. 

[0019] 

[Embodiments of the Invention] 

[Embodiment 1] 
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A surface processing apparatus of Embodiment 1 in this invention will be 
described below with reference to drawings. 

[ 0020 ] 

FIG. 1 illustrates the structure of the surface processing apparatus of 
Embodiment 1. This surface processing apparatus is used for performing thermal 
processing by laser annealing on an object WO to be processed immediately after a 
metal thin film is formed on a surface of a semiconductor wafer included in a substrate. 
This apparatus includes a moving stage 20 which puts the object WO to be processed on 
itself and moves in a processing chamber 10; a first laser light source 30 of excimer 
laser or the like, which generates first laser light LB1 for heating the object WO to be 
processed from the metal thin film side; a second laser light source 40 of a carbonic acid 
gas laser or the like, which generates second laser light LB2 for heating the object WO 
to be processed from the back surface side; a stage driving device 50 which moves the 
moving stage 20 on which the object WO to be processed is put as appropriate relatively 
to both of the laser light LB1 and the laser light LB2; and a control device 70 which 
controls overall the operation of the surface processing apparatus. 

[ 0021 ] 

Here, the moving stage 20 is included in a scanning means together with the 
stage driving device 50. The operation of the moving stage 20 is controlled by the 
control device 70 through the stage driving device 50. The moving speed, the moving 
range, the moving timing, and the like of the moving stage 20 can be adjusted as 
appropriate. 

[ 0022 ] 

First, the pulsed first laser light LB1 emitted from the first laser light source 30 
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enters on a light amount adjustment portion 31. The laser light LB1 attenuated as 
appropriate after passing the light amount adjustment portion 31 enters on a beam 
shaping optical system 34 through a mirror 32 and a focus adjustment lens 33. The 
beam shaping optical system 34 serving as a homogenizer converts the laser light LB1 
with a rectangular cross section into a linear beam. That is, the laser light LB1 which 
has passed through the beam shaping optical system 34 is projected as a liner beam, 
which extends in Y axis direction on the surface of the object WO to be processed, 
through a window 10a formed in the top portion of the processing chamber 10. Here, 
the size or the like of the first laser light LB1 can be kept at a fixed value during 
scanning and can be fine adjusted as necessary by driving the focus adjustment lens 33 
with the control device 70. Further, the pulse width or a timing of generation of the 
first laser light LB1 is controlled by the control device 70 through the first laser light 
source 30. Note that a first laser supply means is constituted by the first laser light 
source 30, the light amount adjustment portion 31, the beam shaping optical system 34, 
and the like. 

[0023] 

First, the pulsed second laser light LB2 emitted from the second laser light 
source 40 enters on a light amount adjustment portion 41. The laser light LB2 
attenuated as appropriate after passing the light amount adjustment portion 41 enters on 
a beam shaping optical system 44. The beam shaping optical system 44 serving as a 
homogenizer converts the laser light LB2 with a rectangular cross section into a linear 
beam. That is, the laser light LB2, which has passed through the beam shaping optical 
system 44, passes through a window 10b formed in a side surface of the processing 
chamber 10, is reflected by a mirror 45, passes through a through hole 51 provided in 
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the stage driving device 50, and is projected as a liner beam, which extends in Y axis 
direction, on a region corresponding to a region on which the first laser light LB1 enters 
on the back surface of the object WO to be processed. Here, the pulse width or a 
timing of generation of the second laser light LB2 is controlled by the control device 70 
through the second laser light source 40. Note that a second laser supply means is 
constituted by the second laser light source 40, the light amount adjustment portion 41, 
the beam shaping optical system 44, and the like. 

[0024] 

The processing chamber 10 is an airtight case and vacuum is kept at an 
appropriate degree by an exhaust system 81. In addition, the inside of the processing 
chamber 10 is adjusted to an appropriate atmosphere (e.g., Ar or N 2 ) by a gas supply 
source 82. A load lock chamber 12 which carries the object WO to be processed out 
and in without breaking vacuum is formed on the front surface side of the processing 
chamber 10. A vacuum gate 13 is formed between the processing chamber 10 and the 
load lock chamber 12. 

[0025] 

The control device 70 transmits a control signal to the stage driving device 50 
and controls the moving speed, the moving range, and a timing of movement, and the 
like of the moving stage 20. In addition, as a timing control means, the control device 
70 transmits a trigger signal to the first laser light source 30 and the second laser light 
source 40 and controls a timing of emitting the first laser light LB 1 and the second laser 
light LB2 which are emitted from the first laser light source 30 and the second laser 
light source 40, respectively, between the movements of the moving stage 20. For 
example, the timing of emitting the first laser light LB1 and the timing of emitting the 


14 



English Translation of JP 2002-217125 


second laser light LB2 can be precisely matched. In addition, the second laser light 
LB2 can be emitted with a delay of desired time from the timing of emitting the first 
laser light LB 1. Conversely, the delay of the first laser light LB 1 can also be possible. 
[0026] 

FIG. 2 illustrates the structure and the like of the moving stage 20. FIG. 2a is 
a plan view and FIG. 2b is a lateral cross-sectional view. A circular opening 20a whose 
diameter is slightly smaller than that of the object WO to be processed is formed in the 
moving stage 20. A step portion 20b whose outer side almost corresponds to the 
diameter of the object WO to be processed is formed on the edge portion of the circular 
opening 20a. The edge portion surrounding the object WO to be processed is 
supported by the step portion 20b and is moved together with the moving stage 20. 
Note that the edge portion of the object WO to be processed can be fixed from the side 
or the top by an appropriate pushing means (not shown). 

[0027] 

A metal thin film is formed on a top surface US of the object WO to be 
processed and the first laser light LB1 in a linear form, which is longer in Y direction 
(longer direction) than the diameter of the object WO to be processed, enters on the top 
surface US. In addition, the second laser light LB2 in a linear form which is longer in 
Y direction like the first laser light LB1 and wider than the first laser light LB1 enters 
on a bottom surface LS of the object WO to be processed through the circular opening 
20a. By moving the object WO to be processed together with the moving stage 20, 
both of the laser light LB1 and LB2 scan the object WO to be processed in X direction 
relatively to the object WO to be processed, and thermal processing of so-called step 
scanning is performed from both of the surface side and the back side. 
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[0028] 

FIG. 3 is an enlarged view for conceptually illustrating an entering state of the 
first laser light LB1 and the second laser light LB2. The first laser light LB1 which 
enters from the top side of the object WO to be processed heats a predetermined region 
PA in a metal film FL with a high melting point, such as Ni, formed on a substrate BL 
which is formed using Si or the like. This predetermined region PA corresponds to a 
first region AR1 in the substrate BL. 

[0029] 

The second laser light LB2 enters on the substrate BL from the back surface 
side of the object WO to be processed, penetrates through the substrate BL, and heats a 
region CA in the metal film FL with a high melting point. This region CA corresponds 
to a second region AR2 in the substrate BL. The second region AR2 includes the 
above-mentioned first region AR1. At that time, the second region AR2 has a margin 
in consideration of variations in a light axis in the first region AR1. That is, since the 
first region AR1 which corresponds to a position where the first laser light LB1 enters 
varies at some level in accordance with the characteristics of the first laser light source 
30 or the like, by making the second region AR2 have a width in consideration of the 
variations in the first laser light LB1, efficient and stable thermal processing 
corresponding to the characteristics of the first laser light LB1 is possible. 

[0030] 

In a specific example, the wavelength of the first laser light LB1 is set at 308 
nm of an excimer laser which can comparatively easily heat Ni or 532 nm which is 
second harmonic of a YAG laser, for example, and the width of the first region AR1 is 
set at 0.4 mm. In addition, the wavelength of the second laser light LB2 is set at 10.64 
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(am of a carbonic acid gas laser, which is on a long wavelength side than the wavelength 
which efficiently penetrates Si, 1.55 pm of an AllnAsP semiconductor laser, 1.06 pm 
which is a fundamental wave of a YAG laser, or the like, and the width of the second 
region AR2 is set at several times the width of the first region AR1. 

[0031] 

The operation of the surface processing apparatus shown in FIG. 1 will be 
described below. First, the object WO to be processed is carried into the processing 
chamber 10 by using a vacuum robot for carrying (not shown). The object WO to be 
processed and to be carried in, which is in a state of the completion of cooling 
immediately after film deposition, is carried into the processing chamber 10 with its 
film surface facing the upper side through the load lock chamber 12, and put and fixed 
on the moving stage 20. Next, by operating the stage driving device 50, the moving 
stage 20 is moved in - X direction with respect to the beam shaping optical system 34 
or the like in steps. As a result of the movement of the moving stage 20 in steps, since 
the pulsed laser light LB1 from the beam shaping optical system 34 moves in steps as a 
liner beam form, which extends in Y direction, from one side to the other side on the 
surface side of the object WO to be processed, step scanning is performed on the entire 
surface of the object WO to be processed. Similarly, as a result of the movement of 
the moving stage 20 in steps, since the pulsed laser light LB2 from the beam shaping 
optical system 44 moves in steps as a liner beam form, which extends in Y direction, 
from one side to the other side on the back surface side of the object WO to be 
processed, step scanning is performed on the entire back surface of the object WO to be 
processed. Note that both of the laser light LB1 and LB2 enter on the object WO to be 
processed while the moving stage 20 is stopped between movements in steps. 
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[0032] 

FIG. 4 is a graph which shows the relative intensity of the first laser light LB 1 
and the second laser light LB2. As is obvious from the graph, the power of the first 
laser light LB1 is considerably stronger than that of the second laser light LB2. This is 
because the second laser light LB2 is used for supplemental heating and the difference 
between the first laser light LB1 and the second laser light LB2 can be changed as 
appropriate in accordance with a required heating condition. In this manner, by 
relatively increasing the power of the first laser light LB1 and making the wavelength of 
the first laser light LB1 comparatively short so that it is absorbed only in the metal film 
FL with a high melting point, a heating state in depth direction of the metal film FL with 
a high melting point can be accurately controlled. That is, silicide with a large area 
can be easily formed in a desired depth by using short wavelength laser. 

[0033] 

Note that although the first laser light LB1 and the second laser light LB2 are 
generated at the same time in the example shown in the diagram, the first laser light 
LB1 and the second laser light LB2 can be generated with a little time difference. 
However, by generating the first laser light LB1 and the second laser light LB2 at the 
same time, the metal film FL with a high melting point can be heated from the surface 
side by the first laser light LB1 while the back surface side is additionally heated by the 
second laser light LB2. Accordingly, even when the energy of the first laser light LB1 
is not so high and the thermal conductivity of the substrate BL is comparatively high, 
the predetermined region PA in the metal film FL with a high melting point can be 
adequately heated and melted. Therefore, by adequately dispersing metal with a high 
melting point from the metal film FL with a high melting point into the substrate BL 
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side, an ohmic contact formed using nickel silicide or the like can be formed in a 
desired depth. 

[0034] 

FIG. 5 illustrates scanning by the first laser light LB1. Predetermined regions 
PA1 to PA3 in the metal film FL with a high melting point, on which the 
repetitively-pulsed first laser light LB1 enters, are moved in X direction while the 
regions PA1 to PA3 overlap with each other at a predetermined percent. At the same 
time, regions CA1 to CA3 on which the repetitively-pulsed second laser light LB2 
enters are moved in X direction while the regions CA to CA3 overlap with each other at 
a predetermined percent. Accordingly, more even laser annealing can be performed 
and characteristics of ohmic contact can be the same. Note that the percent of 
overlapping areas in the predetermined regions PA1 to PA3 can be changed as 
appropriate in accordance with a required heating condition. 

[0035] 

[Embodiment 2] 

A thermal processing apparatus of Embodiment 2 in this invention will be 
described below. Although the structure of this thermal processing apparatus is 
approximately the same as that shown in FIG. 1, this thermal processing apparatus 
processes a glass substrate whose surface is provided with a base SiC >2 layer and an 
amorphous Si layer as an object WO to be processed. In that case, the amorphous Si 
layer on the glass substrate is melted by securing power for heating from the first laser 
light used for main heating and the second laser light used for supplementary heating. 
At that time, by making the timing of entering of the first laser light and the timing of 
entering of the second laser light different appropriately, a cooling rate in making the 
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melted amorphous Si layer polysilicon can be controlled to some extent. 

[0036] 

FIG. 6 is a plan view illustrating the structure of a moving stage 120 which is 
driven by the stage driving device 50. Since the object WO to be processed formed 
using a rectangular glass substrate is processed, a rectangular opening 120a is provided 
in the moving stage 120. 

[0037] 

In the case of FIG. 6a, the rectangular first laser light LB1 enters on the top 
surface of the amorphous Si layer which is the object WO to be processed. In addition, 
the second laser light LB2 whose horizontal and vertical size is larger than that of the 
first laser light LB1 at some level enters from the back surface of the object WO to be 
processed through the rectangular opening 120a. By moving the object WO to be 
processed in steps in an XY plane together with the moving stage 120, both of the laser 
lights LB1 and LB2 perform scanning relatively to the object WO to be processed in X 
direction and Y direction. Accordingly, the position of entering of the laser light LB1 
and the like on the object WO to be processed can be moved in stages and a plurality of 
regions cut off and arranged in matrix can be made to be polysilicon. 

[0038] 

In the case of FIG. 6b, the first laser light LB1 which is projected as a long 
beam enters on the top surface of the amorphous Si layer which is the object WO to be 
processed. In addition, the second laser light LB2 which is also a long beam and large 
at some level enters from the back surface of the object WO to be processed through the 
rectangular opening 120a. By moving the object WO to be processed in steps together 
with the moving stage 120, both of the laser lights LB1 and LB2 perform scanning 
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relatively to the object WO to be processed in X direction. Accordingly, the position 
of entering of the laser light LB1 and the like on the object WO to be processed can be 
moved in stages and a plurality of regions cut off and arranged in stripes can be made to 
be polysilicon. 

[0039] 

In that case, the wavelength of the first laser light LB1 can be set at 308 nm of 
an excimer laser and the wavelength of the second laser light LB2 can be set at 532 nm 
which is second harmonic of a YAG laser, for example. Note that it is needless to say 
that the second laser light LB2 can be replaced with a CO 2 laser (wavelength: 10.64 
pm), the fundamental wave of a YAG laser (wavelength; 1.06 pm), an He-Ne laser, or 
an Ar laser. 

[0040] 

FIG. 7 shows an example of changing a method for laser irradiation shown in 
FIGS. 6a and 6b. In the case of FIG. 7a, like in the FIG. 6a, the rectangular laser lights 
LB1 and LB2 in an appropriate size are moved in steps. In every step, the rectangular 
laser lights LB1 and LB2 are moved in steps by some percent of the beam width. 
Therefore, laser light irradiations on the object WO to be processed overlap with each 
other. In addition, in the case of FIG. 7b, like in the FIG. 6b, the linear laser lights LB1 
and LB2 whose lengths are approximately the same as that of a side of the object WO to 
be processed are moved in steps. In every step, the linear laser lights LB 1 and LB2 are 
moved in steps by some percent of the beam width. Therefore, laser light irradiations 
on the object WO to be processed overlap with each other. 

[0041] 

FIG. 8 is a graph showing relation between the first laser light LB1 and the 
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second laser light LB2 in making the amorphous Si layer polysilicon. As is obvious 
from the graph, although the power of the first laser light LB1 is stronger than that of 
the second laser light LB2 like in the case of Embodiment 1, the second laser light LB2 
is generated in advance of generation of the first laser light LB1 by At = t2 - tl. Here, 
a delay time At can be set at will. For example, the delay time At can be a negative 
value. By adjusting the delay time At as appropriate, the gradient of an annealing 
curve in slowly cooling the Si melted by the main first laser light LB1 and the 
supplemental second laser light LB2 can be controlled at will to some extent. 

[0042] 

[Effect of the Invention] 

As is obvious from the above description, the surface processing apparatus of 
this invention can adequately heat only a predetermined region in a film by the 
collaboration of the first and second laser supply means without damaging a substrate, 
so that thermal processing such as annealing can be performed. At that time, since a 
film is heated by laser light with short wavelength, for example, mainly from the first 
laser supply means, a heating condition in depth direction of the film can be accurately 
controlled. Further, since the scanning means moves the substrate relatively to the 
laser light from the first and second laser supply means, thermal processing can be 
evenly performed on the entire substrate with a comparatively large area. 

[0043] 

The surface processing method of this invention can adequately heat only a 
predetermined region in a film by the collaboration of the first and second laser lights 
without damaging a substrate, so that thermal processing such as annealing can be 
performed. At that time, since the film is heated mainly by the first laser light with 
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short wavelength, for example, a heating condition in depth direction of the film can be 
accurately controlled. Further, since the substrate is moved relatively to the first and 
second laser lights, thermal processing can be evenly performed on the entire substrate 
with a comparatively large area. 

[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a diagram illustrating a general structure of a surface processing 
apparatus according to Embodiment 1. 

[FIG. 2] FIG. 2a is a plan view illustrating a method for holding a substrate in the 
apparatus shown in FIG. 1, and FIG. 2b is a lateral cross-sectional view illustrating a 
method for holding a substrate in the apparatus shown in FIG. 1. 

[FIG. 3] FIG. 3 is a diagram illustrating heating of a substrate from the top and the 
bottom. 

[FIG. 4] FIG. 4 is a graph illustrating a timing of heating a substrate. 

[FIG. 5] FIG. 5 is a diagram illustrating the move of a region to be heated on a substrate. 
[FIG. 6] FIGS. 6a and 6b are plan views illustrating a main part of a surface processing 
apparatus according to Embodiment 2. 

[FIG. 7] FIGS. 7a and 7b are diagrams each illustrating an example of change in a laser 
irradiation method. 

[FIG. 8] FIG. 8 is a graph illustrating a timing of heating in Embodiment 2. 

[Explanation of Reference] 

10 processing chamber 
10a, 10b window 
20 moving stage 
20a circular opening 
20b step portion 
30 first laser light source 
40 second laser light source 
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50 stage driving device 
70 control device 
ARl first region 
AR2 second region 
BL substrate 

FL metal film with a high melting point 
LB1 first laser light 
LB2 second laser light 
WO object to be processed 
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